Abstract. Confining reinforcement for concrete columns have been standardized in building standards ACI 318-11 and SNI 03-2847-2013. The observation of building collapse by earthquake normally caused by malfunction of the building columns as bearing elements. The columns were failed because they did not meet the standard of confining reinforcement. In most cases, external confinement is necessary to strengthen the existing columns of old buildings. This research focused on the methods to strengthen the existing columns. Three types of pre-stressed steel rings were used to confine the concrete cylinders of 10x 20 cm and 10 x 30 cm. Several concrete strengths of 50 MPa, 70 MPa and 100 MPa were selected for constructing 18 specimens of concrete cylinders. The first type of pre-stressed is with zero pre-stressing force represented passive confinement while the second and third types were given different prestressing forces on the steel ring represented active confinement. Prestressing force on the steel ring will cause radial stress that compress the concrete cylinders. Load test were conducted on concrete cylinders to measure the strength and the relationship of stress strain concrete cylinders which was confined by varied external lateral pre-stressing. The testing results showed that the external lateral prestressing increases the ductility and strength of concrete columns. It proved the method of external lateral pre-stressing can be used effectively for retrofitting and strengthening existing columns in order to meet the requirement of ductility and strength.
Introduction
Reinforced concrete columns are widely used for high rise building constructions all over the world. Columns support high compressive forces in tall buildings. However, columns may suffer damage especially due to earthquakes, due to the limited strength and ductility of concrete. The failure of one or more columns will lead to massive building failure. Standard of confinement of reinforced concrete columns is one of the most important aspect in the earthquake resistant buildings design. Lateral confinement by means of individual ties or continuous spiral on reinforced concrete column can increase the strength and performance of the column against axial and lateral forces significantly.
Based on ACI 318M-99 for the first time Indonesian Building Code for Structural Concrete (SNI 2837-2002) has made standard calculation for requirement of RC columns confinement. The total cross sectional of rectangular confinement bar A sh shall not be less than required by these following equations (SNI 2837 (SNI -2013 For rectangular hoop reinforcement:
For circular hoop reinforcement: The observation of building collapse caused by earthquake in Indonesia like in Padang (2009) and Yogyakarta (2006) showed that mostly the building columns were failed due to malfunction as the bearing elements. In fact most of the columns had been constructed without sufficient lateral ties to confine the RC columns and secure the ductility. The shortage of confinement provided by lateral ties was the motivation for conducting this research in finding new technique to retrofit the existing columns of the old buildings, constructed before the SNI 2837-2002 was published. External confinement can be done to strengthen the existing columns by using steel, reinforced concrete and fibre reinforced polymer (FRP) jacketing. With these techniques, the columns will get additional confinement strength. Those techniques have been grouped as additional passive confinement. This paper reports a new technique of external confinement, called additional active confinement. For circular columns, the additional confinement will be delivered by the pre-stressed force T of the external steel rings, arranged around column perimeter as shows on Fig. 3 . Fig. 3 . The pre-stressed force T generates lateral pre-stressed force p at the contact surface of concrete cylinder.
The lateral pre-stressed force p can be calculated with equation 5. The objective of this research is to study the influence of lateral pre-stressed force p to the increasing of strength and ductility of concrete cylinders created from normal and high strength concrete. Table 1 shows the loading test for 18 concrete cylinders of 10x 20 cm and 10 x 30 cm, which laterally reinforced with pre-stressed steel ring. 
Method of research 2.1 Experimental program
Two groups of cylinder 10 cm x 20 cm and 10 cm x 30 cm were selected to produced 18 concrete specimens with concrete strength of 50 MPa, 68 MPa and 100 MPa respectively for each cylinder group. For each group has three types of external steel rings as follows; Type W0: steel ring without pre-stressed force, Type W1: steel ring with moderate prestressed force and Type W2: steel ring with high pre-stressed force.
Design of steel ring
High level grade steel was used for the rings in the test specimens. According to the tension test of the steel plate shows that the yield strength of the external steel ring used in this research is 487 MPa and its Elasticity Modulus is 185.151 N/mm 2 . Each steel ring has 25 mm width and 2.4 mm thickness. Figure 4 shows the designs of Steel ring W0, W1 and W2. Steel ring W0 is a type of passive confinement installed to the concrete cylinder and grouted with cement paste to secure the bonding with the surface of concrete cylinder, on the other side, steel ring W1 and W2 can be grouped as type of active confinement. They were equipped with bolt to apply the lateral pre-stressed force p to the concrete cylinder by tightening the bolt. 
Test specimens preparing
Three steel rings were installed on each of concrete cylinder test specimen. In order to secure the same level of lateral prestressed force p all the steel ring W1 and W2 have to be tightened by torque wrench. The steel ring W1 was tightened with 15 Nm force while steel ring W2 was tightened with 20 Nm force. Strain gauge was installed on the steel ring in order to measure the stress level. The lateral pre-stressed force p can be determined with equation 5 based on the measured strain during tightening bolt on each steel ring W1 and W2. Table 1 shows the detail of 18 concrete cylinders of 10 x 20 cm and 10 x 30 cm which reinforced laterally with non and pre-stressed steel ring. Three pieces of steel ring were installed for each 20 cm height concrete cylinder and four pieces for 30 cm height cylinder. There were 3 groups of concrete strength of the specimen test, which consisted of concrete strength of f c ' 50 MPa, 68 MPa and 101 MPa. All test specimens were tested under axial compression until failure by load control testing machine, equipped with LVDT to measure axial deformation. 
Test result and discussion
Experimental results of axial loading test of 18 concrete cylinders were discussed in the suceeding section. The results are compared in terms of ultimate compressive strength, axial displacement, steel ring deformation and crack propagation.
Ultimate compressive strength
All speciments have been grouped based on their compressive strength. In general all specimens equiped with lateral steel ring W0, W1 and W2 significantly higher ultimate compressive strength than their initial concrete strength . Comparing to the  table 1, table 2 and table 3 show that the biggest increment procentage of compressive strength happened for concrete cylinders with f c ' 50.2 MPa. Table 1 shows, the lateral prestressed force p of 97.5 N/mm can increase the compressive strength up to 59.8 %. higher than its initial compressive strength. The resutls show the effectiveness of lateral prestessed force p. Specimens reinforced with steel rings W1 and W2 show higher compressive strength than specimens reinforced with steel rings W0. Fig 8 and Fig 9 show the summary of the influence of steel ring W0, W1 and W2 versus the ultimate compressive strength of each specimen. 
Crack Pattern
Typical failure crack pattern of each concrete cylinder specimen was shown in figure 11 for cylinder height 20 cm and Fig 12 for cylinder height 30 cm. They show that although the ultimate compressive strength was very high, all the specimens could keep their form at the failure. It can be concluded, that lateral steel rings can avoid brittle failure of concrete, especially high strength concrete. 
Conclusion
Based on the result of loading test of 18 concrete cylinder specimens in can be concluded that: 1. Confining with Lateral steel ring can improve the ultimate compressive strength effectively including their ultimate axial strain of concrete. The percentage of compressive strength increment for normal concrete is much higher than high strength concrete. The first Author would like to acknowledge that some part of this paper has been written during his research visit at Uni-Kassel and TU Berlin in Germany, granted by Konrad Adenauer Stiftung.
